Abstract: Socio-economic aspects and impact of land use change on sediment dynamics in the northeastern region of India. The northeastern region of India, with an area of 255 090 km 2 , is predominantly hilly. Major socio-economic factors affecting sediment production in the region are; shifting cultivation, land tenure system, fast growing population, small land-holdings, deforestation and free range grazing. A multi-disciplinary long--term study showed that 92.9 to 99.1% of rainwater can be retained in-situ, compared to 66.3% in shifting cultivation. Mean annual soil loss varied from 11.2 to 97.2 t km -2 in new land use systems as against 3621.3 t km -2 in shifting cultivation. The sediment load per litre of runoff from watersheds varied from 1250-20,300 mg suspended sediment, 5.4 to 23.6 mg NO 3 -N, 2.3 to 6.5 mg P-PO 4 , 17.2 to 35.8 mg K 2 O, 0.4 to 1.8 mg Zn, 0.9 to 2.7 mg Mn, 6.5 to 12.0 mg Mg, 7.1 to 18.4 mg Fe and 4.0 to 7.2 mg SO 4 . The sediment transport from the catchments showed spatial and temporal variations.
INTRODUCTION
Though endowed with abundant natural resources, the north-eastern region of India has remained economically backward due to their indiscriminate use and mismanagement. Socio-economic constraints viz. shifting cultivation, land tenure system, small size of land holdings, unabated deforestation, free range grazing and undulating terrain have affected the sediment yield and, quantity and quality of available water (Sharma 1998 (Sharma , 2003 . Shifting cultivation is an uneconomical socio-economic issue and the farmers are socio-culturally attached with the practice, because most of the festivals and rituals are associated with it. In most of the states of the region, the farmers have only usufructuary rights over land as the land belongs either to village chief or community. The fast growing population has pressurized the food production base and to satisfy their needs, the people have misused the natural resources (Sharma 2003) .
The region receives about 510 km 3 of rain water, annually at an annual average of 2450 mm. Judicious management of water resources will not only reduce the heavy loss of soil and nutrients but also reduce the fl ood events in the region. Shifting cultivation is practised in 3869 km 2 area, annually in north eastern region of India; however the total affected area is 14 660 km 2 . It has resulted in huge soil erosion in the hills and silting of river beds and fl oods in the plains.
Land clearance, land use change and other facets of catchment disturbance, soil conservation and sediment control programmes and dam construction are shown to have resulted in signifi cant recent changes in the sediment loads of many world rivers (Walling 2000 (Walling , 2008 . Deforestation in shifting cultivation has depleted the biodiversity of the region. The important issue is to promote the conservation and sustainable use of natural resources which allow long term economic growth and enhancement of productive capacity, along with being equitable and environmentally acceptable (El Bassam 1997) .
The region, though having suffi cient water in aggregate, cannot boast of adequate quantities of water at all the places and during all the times. The region receives about 510 km 3 of water as rainfall, at an annual average of 2474 mm. However, gross misuse and mismanagement of rainwater has resulted in soil erosion, land and environment degradation in the hills and silting of river beds and frequent fl oods in the plains (Sharma 1998). The problem has been aggravated by the prevalence of shifting cultivation in 3869 km 2 , annually. There is annual loss of 83.3 million tones of soil and 10.65, 0.37 and 6.05 thousand tones of available N, P 2 O 5 and K 2 O, respectively due to shifting cultivation alone (Sharma and Prasad 1995) . The major problems of facing the harmonious development and management of water resources system in the region are socio-economic constraints, paucity of reliable data and lack of human and institutional capacity necessary for confronting the complex interactions of the hydrological cycle with societal needs, socio-economic constraints and the environment. A long--term-multidisciplinary study was, therefore, undertaken to assess the soil and nutrient losses from the hill slopes, insitu retention of rainwater as affected by vegetation and, water and soil conservation measures to reduce runoff as well as its impact on the environment.
MATERIAL AND METHODS
The northeastern region of India (Fig. 1) , comprising seven states viz. Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, Nagaland Tripura, is predominantly hilly. Due to anthropogenic and natural factors, the region is subjected to heavy soil erosion and sediment deposits in the river channels, causing fl oods. To study the socio-economic aspects, old records were scanned as well as benchmark survey was conducted in selected areas. For the impact of land use on sediment yield, a long-term multidisciplinary study was undertaken with seven and land use systems to monitor their comparative effi cacy with regard to in-situ retention of rain water, water yield, surface and subsurface fl ows and sediment yield from different watersheds as well as to evolve eco-friendly, viable and sustainable land use systems to replace shifting cultivation. The watersheds have slopes varying from 32% to 53%, at an altitudes varying from 920 m to 980 m above mean sea level. The soil conservation measures followed were bench terracing, contour bunds, half-moon terraces, trenching and grassed water-ways. The scientists from the disciplines of soil and water conservation, soil science, plant protection and social sciences are engaged in the project to study their relevant fi elds. The soil and 
RESULTS AND DISCUSSION

Socio-economic aspects
The homo-sapiens were under awe of natural objects such as mountain, oceans, rivers, forests etc., from the pre-historic age. The people were small in number, primitive in technology and their needs were extremely limited. Slowly, their number increased and needs multiplied. The northeastern region is inhabited by various tribes and their economy can conveniently be divided into hunting, nomadism, pastrolism, shifting cultivation and now, settled cultivation up to some extent. The rural economy of the region is mainly dependent on shifting cultivation. In the past, when the land was in abundance and population sparse, the rotational cycle of shifting cultivation in the region used to be 25 to 30 years, the land getting enough time for rejuvenation of vegetation. The soil fertility was maintained with in-situ burning of vegetation of forests and the production was enough to feed the limited population. However, with increase in population, the rotational cycle has come down to 2 to 10 years and the land does not get enough time for rejuvenation. The sediment yield from shifting cultivation areas has increased tremendously (Tab. 2). The annual area under shifting cultivation in the region is 3869 km 2 , whereas total area affected is 14 660 km 2 and about 443.3 thousand families are involved in the practice (Anonymous 2000). Shifting cultivation is not only a set of agricultural practices but implies the whole nexus of people's religious beliefs, attitudes, self image and tribal identity. This kind of inter-connections between different elements and domains of social life restricts the cultivators to leave shifting cultivation. As high as 70.6 and 130.2 t ha -1 of annual soil loss has been reported during fi rst and second year of shifting cultivation on a hill having a slope of 70% (Singh and Singh 1978) . Annual soil loss from the region is 88.3 million tonnes from shifting cultivation land, 90.7 million tonnes from other agricultural land and 422.7 million tonnes from non-agricultural land. It was estimated that annual loss of N, P, K, Mn, Zn, Ca and Mg is 686.0, 100. 2, 511.0, 22.7, 14.0, 57.3 and 43.4 thousand tonnes, respectively (Sharma and Sharma, 2004) . The soil fertility is on decline as there is limited material to burn and add to the soil (Tab. 3). The results showed that at least 20 years time is necessary for rejuvenation of enough vegetation to get optimum available major nutrients for crop support. In 20 years cycle, the available N, P 2 O 5 and K 2 O increased by 55.1%, 22.8% and 128.4%, respectively over their initial status. The low increase in available P 2 O 5 compared to other nutrients was due to the reason that soil was strongly acidic in reaction, most of the phosphorus got fi xed as aluminium and iron compounds.
More than 65% of the workers in the region are engaged in agriculture or allied sectors and the rest are marginal or non-workers (Tab. 4). The land tenure system in the north-eastern region is unique. The land belongs either to (1) village chief, (2) community or (3) individuals. In the fi rst two categories, the farmers have usufructuary rights over land and therefore have little interest in its development and protection from soil erosion. The prevalence of free range grazing by animals during winter season (December to February) by community order, discourages the cultivators from going for winter crops. Free range grazing is responsible for huge sediment yield from hill slopes as well as valley lands. Fast urbanization and change in life style of the people has also affected natural resources management. With proper vegetative cover, maximum rainwater could be retained in-situ and the soil can retain suffi cient moisture for growing winter crops (Sharma 2001) . This would also help to reduce runoff and soil loss and consequently better ecological conditions could be assured. Fast increase in population (Tab. 5) and in an effort to enhance crop productivity to sustain this has put extreme pressure on land resources, resulting in heavy sediment loads in run-off and choking of fl uvial system. Virtually all developing countries, even those with adequate water in the aggregate, suffer from debilitating regional and seasonal shortages (IFPRI 1995) . Since food productivity is highly dependent on the spatial and seasonal changes in water availability, the food security cannot be ensured for all times unless suitable measures are undertaken to minimize the effect of runoff on soil erosion. The region has a food grains defi cit of about 2.5 million tonnes and the defi cit gap is widening year after year (Sharma 1999). The sediment load per litre of runoff from watersheds varied from 1250--20 300 mg soil, 5.4 to 23.6 mg NO 3 -N, 2.3 to 6.5 mg P-PO 4 , 17.2 to 35.8 mg K 2 O, 0.4 to 1.8 mg Zn, 0.9 to 2.7 mg Mn, 6.5 to 12.0 mg Mg, 7.1 to 18.4 mg Fe and 4.0 to 7.2 mg SO 4 . The sediment transport from the catchments showed spatial and temporal variations. Intensifi cation of agriculture has potentially harmful impact on already fragile hydrological system.
Effect of land use and rainfall on soil loss
The average sediment yield was only 0.44%, 2.68%, 1.47%, 0.31%, 0.73% and 2.27% in fodder, forestry, agro-forestry, agriculture, agri-horti-silvi-pastoral and horticulture land use systems of that of shifting cultivation (Tab. 6). The average sediment yield varied between 11.2 t km -2 in agriculture land use and 3621.3 t km -2 in the shifting cultivation. Highest average sediment yield in new land use systems was 71.7 t km -2 when the annual rainfall was 2770 mm and minimum 28.1 t km -2 when the annual rainfall was 1992 mm as against 4499.7 km -2 and 2669.4 km -2 in shifting cultivation, respectively. More than 90% of rainwater was retained in- -situ in new land use systems compared to below 60% in the shifting cultivation. More in-situ retention of rainwater helped in the availability of adequate moisture from the soil to the succeeding crops when the rainy season receded. The sediment yield varied according to the rainfall received during a particular year and the nature of vegetation in a particular land use. It was interesting to note that while in shifting cultivation 34.1% of rain water escaped as runoff, it varied from 0.9% to 7.1% in the new land use systems. Maximum of 99.1% of rain water was retained in livestock based land use system, followed by agriculture (99.1%). It was reported earlier also that more than 95% of rain-water can be retained in-situ by following these land use systems (Anonymous 2000). There was signifi cant reduction as well as delay in runoff generation from newly introduced land use systems compared to shifting cultivation. As such there was considerable reduction in the sediment yield. One of the characteristic values in rainfall-runoff modelling is the retention of the system or lag time, which is defi ned as the time elapsed between the centroids of effective rainfall and the direct runoff hydrograph (Banasik et al. 2005; Banasik et al. 2008) . They analyzed the data from small agricultural watersheds to investigate the relationship between instaneous unit hydrograph and instaneous unit sedimentgraph. Annual soil loss due to erosion was considerably higher than the permissible limit (1000 t km -2 ) in the shifting cultivation whereas it was signifi cantly low in the new land use systems. The soil loss was very low in newly tried land use systems due to reduced runoff because of proper vegetation cover and water and soil conservation measures undertaken. These land use systems could be adopted to replace shifting cultivation in the region depending on topography, slope and nearness to the market. The livestock based land use system can be adopted where there is demand for milk or if there is a market for disposal of the animal produce. Similar is the case with the agri-horti-silvipastoral land use system which has horticultural crops as its component.
With new sustainable and eco-friendly land use systems in place, the farmers have an alternative to leave shifting cultivation and go for settled cultivation. This would also help in reducing runoff and soil loss and, improved environmen- tal conditions could be assured. In the present study, the runoff water from the land use systems is collected in a pond down the slope and used for irrigation during winter as well as for rearing of fi sh.
CONCLUSIONS
The results of the study undertaken showed that the introduction of new land use systems, with suitable water and soil conservation measures, signifi cantly reduced runoff from the watersheds on hill slopes and helped in more in-situ retention of rainwater, thereby reducing the soil and nutrient erosion and silting of river channels, consequently reducing the fl ood events in the region as well as improving the environment quality. Different land use systems also improved the soil quality with continuous recommended cropping patterns and other measures. The practice of shifting cultivation in northeastern region of India has become uneconomical with increase in demographic pressure and reduction in the shifting cycle period. The practice needs to be replaced with sustainable, socially acceptable and eco-friendly land use systems. Proper policy framework for planning, development and management of land and water resources in the region can be devised, taking advantage of the advances made in water science and technology as well as from positive and negative experiences of the developed countries.
